Some physical and chemical properties of mangrove soils at Sipingo and Mgeni, Natal  by Naidoo, G. & Raiman, F.
Some physical and chemical properties of mangrove soils 
at Sipingo and Mgeni, Natal 
G. Naidoo and F. Raiman 
Department of Botany, University of Durban-Westville 
Some physical and chemical properties of mangrove soils 
from two sites in Sipingo were determined and compared to 
another mangrove soil at the Mgeni estuary and to a non-
mangrove soil at Mdloti. Generally mangrove soils were 
higher in clay, organic matter, cation exchange capacity, 
aluminium , sulphate, iron and exchangeable bases than the 
non-mangrove soil. On the basis of exchangeable sodium 
percentage and electrical conductivity the mangrove soils 
were classified as saline sodic and the non-mangrove soil 
non-saline sodic. 
S. Afr. J. Bot. 1982, 1: 85-90 
Sekere fisiese en chemiese eienskappe van manglietdraende 
grond van twee standplase in Sipingo en van die mond van 
die Mgenirivier sowel as van grond by Mdloti waarop 
mangliete nie voorkom nie, is bepaal en vergelyk. Oor die 
algemeen het die manglietdraene grond 'n hoer konsentrasie 
klei , organiese materiaal, aluminium, sulfaat , yster en 
uitruilbare basisse as die nie-manglietdraende grand besit. 
Op die basis van persentasie uitruilbare natrium en elektriese 
geleidingsvermoe is die manglietdraende grand geklassifiseer 
as soutagtige natriumgrond en die nie-manglietdraende grond 
as nie-soutagtige natriumgrond. 
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Introduction 
The term mangrove is used to describe a group of 
floristically diverse trees and shrubs which characterize the 
intertidal vegetation of many tropical and subtropical 
areas. In South Africa, mangrove vegetation is found along 
many estuaries on the east coast as far south as the Kei 
River mouth (Macnae & Kalk 1962). Although traditionally 
found within the tropics, their presence outside the tropics 
in this country has been attributed to the strong south 
westerly flowing warm Agulhas current and to the sheltered 
location in estuaries (Macnae 1962). The absence of long 
estuaries and protected bays, together with the low coastal 
rainfall, do not favour an extensive development of 
mangrove vegetation in South Africa (Macnae & Kalk 
1962) as in south east Asia. Although the occurrence of 
mangroves is limited, the ecological role of these 
communities has been recognized (Heald & Odum 1969). 
Much of our natural coastal vegetation, including the 
mangroves, has been lost to agriculturue, industrial and 
urban development. Mining of sand dunes has become a 
recent threat. According to a recent study (Begg 1978) most 
of our estuaries are in a poor and neglected state. Estuarine 
research is essential to help restore these ecosystems to a 
relatively stable state. 
Studies on estuarine soils in South Africa have been 
largely neglected (Naidoo 1980). The purpose of this 
investigation was: (1) to characterize soils of the Sipingo 
mangrove area; (2) to compare these soils with the Mgeni 
mangrove area and (3) to compare intertidal soils 
supporting mangrove and non-mangrove vegetation. 
Study area 
Three study areas were selected along the Natal coast 
(Figure 1). Two sites were selected from the mangrove area 
of the Sipingo lagoon and one site from the Beachwood 
mangroves on the Mgeni estuary. The non-mangrove 
intertidal soil was selected from the Mdloti lagoon. All 
three sites have a similar climate and tidal range_ 
Sipingo lagoon 
The lagoon, located 30°00'S and 30°57'E, is approximately 
10 km south of Durban. The diversion and canalization 
of the Mlazi River, which joined with the Sipingo River 
prior to 1952, and the diversion of the Sipingo River into 
the Mbokodweni in 1969, led to the blocking of the Sip-
ingo River mouth by a sand bar as a result of the reduced 
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Figure 1 Map of part of the east coast of Natal showing the study areas. 
river load. The lagoon is at present linked to the sea by 
means of two 1-m diameter concrete pipes laid in 1961. 
The lagoon covers an area of 68 000 m2 and has a 
predominantly mangrove vegetation. Since the closure of 
the mouth the marginal vegatation exhibits strong 
freshwater influences (Ward 1980). The two sample sites 
had mixed A vicennia marina (Forsk.) Vierh. and Bruguiera 
gymnorrhiza (L.) Lam. stands. The mean annual 
temperature is 20,2 oc, the mean annual rainfall is 
1027 mm and the maximum tidal range is 2,17 m (Weather 
Bureau 1954). The slope is less than one degree. 
Mgeni estuary 
The Beachwood mangrove area has been described 
previously (Naidoo 1980). The sample site was from a 
predominantly A. marina stand with a few saplings of B. 
gymnorrhiza. The site was about 50 m from the freshwater 
Beachwood creek and 20m from the Mgeni River. 
Mdloti lagoon 
This lagoon, located at 29°38'S and 31 °08'E, is about 
25 km north east of Durban . The lagoon occupies an area 
of 136 000 m2 and includes sandbanks and mud-flats . The 
river mouth is usually open during river flooding and high 
spring tides during which the lagoon empties itself (Begg 
1978). The mouth is sometimes artificially opened by sugar 
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farmers when crops become flooded upstream. 
The dominant vegetation on the southern bank is a dense 
fringe of Barringtonia racemossa (L.) Spreng. The sam-
ple site was about 100 m from the sea-shore and about a 
metre from the edge of the lagoon on the southern bank. 
The vegetation in the vicinity of the sample site includes 
Echinochloa pyramidalis (Lam.) Hitchc . and Chase, 
Stenotaphrun secundatum (Walt.) Kuntze, Alternanthera 
sessilis (L.) DC., Solanum geniculatum E. Mey. and other 
forbs . The mean tidal range in the region is 1 ,5 m, the mean 
annual temperature is 20,9 oc and the mean annual rain-
fall is 902 mm (Weather Bureau 1954). The slope at the 
sample site was 4 degrees. 
Methods 
All soil samples were air dried, ground with a mallet, pass-
ed through a 2-mm sieve and stored in bottles. 
The following analytical procedures were used: particle 
size distribution by the hydrometer method (Bouyoucos 
1962); pH of field-moist and air-dried samples on 1:1 soil 
to water suspension using a glass electrode (Jackson 1958); 
exchange acidity by extraction with barium acetate and 
titration with NaOH; aluminium by the aluminon method 
(Yuan & Fiskell 1959); acetate soluble sulphate (Bardsley 
& Lancaster 1965); organic matter by the Walkley-Black 
method (Jackson 1958) and available phosphorus extracted 
with sulphuric acid containing ammonium sulphate and 
determined by the chlorostannous-reduced molyb-
dophosphoric blue colour method (Jackson 1958). 
Exchangeable cations were extracted with 1 mol dm-3 am-
monium acetate at pH 7. Concentrations of K, Mg, Ca 
and Na in the extracts were determined by atomic absorp-
tion. Bulk density was measured using a steel cylinder with 
a volume of 772 cm3• The cation exchange capacity was 
obtained by summation of the exchangeable bases and ex-
change acidity . 
Iron was extracted with 0,3 M sodium citrate and deter-
mined as extractable iron oxides by atomic absorption 
(Jackson 1958). Exchangeable sodium percentage (ESP) 
was calculatd as a percentage of the CEC. Electrical con-
ductivity (EC) was determined on the saturation extract 
(Jackson 1958) using a Philips conductivity meter. 
Results and Discussion 
Particle size distribution and bulk density 
Soils from Sipingo were high in sand especially at lower 
depths (Table 1) . Both Sipingo profiles were higher in 
coarse sand than fine sand . The coarse-sand content in-
creased with depth. The sandy nature of the Sipingo 
mangrove soils is due to several biotic factors. The dune 
ecology of this area has been considerably disturbed by the 
removal of sand for building purposes. This has led to in-
creased deposition of wind-blown sand into the mangrove 
area. The diversion and canalization of the Mlazi in 1952 
and the diversion of the Sipingo River into the ' · 
Mbokodweni in 1969 resulted in the closure of the mouth 
by a sand bar. Sediment input into the estuary as well as 
tidal influence have consequently decreased. The relative-
ly high clay content at the surface is further evidence of 
infrequent tidal influence. With more frequent flooding 
greater illuviation of clay would be expected . 
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Table 1 Particle size distribution 
Particle size distribution f1Jo 
Depth Coarse Fine Tex-
Layer mm sand sand Silt Clay ture• 
Sipingo 1 
1 0 - 250 29 21 10 40 sc 
2 250 - 500 51 22 7 20 scl 
3 500 -750 67 18 3 12 Is 
4 750 - 1000 68 22 2 8 
Sipingo 2 
1 0 - 250 40 20 11 29 scl 
2 250 - 500 61 30 8 
500 - 750 72 20 7 
4 750 - 1000 79 16 4 
Beachwood 
1 0 - 250 11 49 13 27 scl 
2 250 - 500 14 33 19 34 scl 
3 500 - 750 18 22 17 43 c 
4 750 - 1000 15 44 18 23 scl 
5 1000 - 1250 13 32 20 35 sc 
Mdloti 
1 0 - 250 69 29 
2 250 - 500 70 28 1 
3 500 - 750 68 26 5 1 
4 750 - 1000 70 24 3 3 
"s = sand; sci = sandy clay loam; c = clay; sc = sandy clay; ls = loamy 
sand 
The particle size distribution of Sipingo soils contrasts 
markedly with the Beachwood soil, the latter being high 
in silt and clay. The greater proportion of finer size frac-
tions in the Beachwood soil is probably owing to the high 
silt load of the Mgeni river. The silt load of the Mgeni was 
estimated to be about 7 x 107 kg/ year from 1958 to 1961 
(Begg 1978). The Beachwood area is also better colonized 
by mangroves which has resulted in greater stabilization 
of the substrate. 
The non-mangrove Mdloti soil was predominantly san-
dy owing mainly to wind-blown deposits from the expos-
ed dunes adjacent to the sample site and to the low sedi-
ment input from the Mdloti River. 
Bulk density values were low from all soils and ranged 
from 0,89 to 1,55 g cm-3 (Table 2). For the Sipingo sites 
bulk density values were determined only at the surface. 
The higher bulk densities were associated with high sand 
content, especially at Mdloti. The lower bulk densities at 
Beachwood are attributed to the higher organic matter and 
clay contents. 
Acid properties 
Field-moist pH values for all soils ranged from 6,0 to 7, 7 
(Table 2), which is typical for marine sediments (Berner) 
1967). The soil at Beachwood was moderately acid while 
the soils at Sipingo and Mdloti were moderately alkaline. 
Contrary to other reports (Fleming & Alexander 1961; 
Coultas & Gross 1975; Van Breemen 1976; Naidoo 1980) 
the pH did not always decrease with air drying. Generally, 
in marine sediments, the sulphur from sea water is reduc-
ed to sulphide which oxidizes to sulphate upon air drying, 
thus decreasing the pH (Van Breeman 1976). If alkaline 
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Table 2 Bulk density, pH and reserve acidity 
Bulk 
pH (H 20) 
Exchange 
Depth density acidity 
Layer mm g cm-3 Field-moist Air-dry me/ 100 g 
Sipingo 1 
1 0 - 250 1,35 7,4 7,0 0,25 
2 250 - 500 7,1 7, 1 0, 18 
3 500 - 750 7,4 7,3 0,08 
4 750 - 1000 7, 7 7, 3 0,07 
Sipingo 2 
1 0 - 250 1,01 6,6 6,4 0,33 
2 250 - 500 6,8 7, 0 0,06 
3 500 - 750 6,9 7,0 0,06 
4 750 - 1000 7,0 7,4 0,06 
Beachwood 
0 - 250 1,04 6,2 6,3 0,58 
2 250 - 500 0,93 6,0 6,0 0, 75 
3 500 - 750 1,02 6,0 6,3 0,61 
4 750 - 1000 0,89 6,3 6,0 0,84 
5 1000 - 1250 6,2 5,9 1, 10 
Mdloti 
1 0 - 250 1,48 7,1 7,4 0,28 
2 250 - 500 1, 55 7,2 7, 1 0,30 
3 500 - 750 1,55 7, 2 7, 1 0,1 5 
4 750 - 1000 7,2 7,5 0,19 
earth carbonates are present, the sulphate is neutralized 
and minimal changes in pH occur. The possible presence 
of calcium and magnesium carbonates in the soils could 
account for the relatively small changes observed in pH 
upon air drying. 
The exchange acidity was generally low {Table 2) . The 
Beachwood soil had the highest exchange acidity. The low 
exchange acidities at Mdloti and Sipingo were probably 
related to the sandy nature of the substrate. The aluminium 
concentration was low and ranged from 0,17 to 0,34 
me/100 g (Figure 2) . The levels of sulphate were higher 
than aluminium, the range being from 0,81 to 3,79 me/ 100 
g (Figure 2). The concentration of iron was generally high 
for all soils (Figure 2) . Generally, mangrove soils were 
higher in aluminium, sulphate and iron than the non-
mangrove Mdloti soil. 
Organic matter 
Mangrove soils in this study were higher in organic mat-
ter than the non-mangrove soil (Figure 3) . The organic mat-
ter content of Sipingo soils was highest at the surface and 
decreased with depth . The soil at Beachwood was high in 
organic matter in all layers of the profile. Mangroves are 
an abundant source of litter (Van Breemen 1976), being 
derived primarily from leaves, twigs, bark and dead roots. 
All mangrove soils sampled supported A vicennia trees , 
which produce an abundance of pneumatophores which 
trap litter during inundation. The high organic matter con-
tent of the sub-surface layers of the Beachwood soil is part-
ly due to soil mixing by the large numbers of fiddler crab, 
Uca sp. , which are present in the mangrove swamp. The 
low organic matter content of the non-mangrove soil is due 
to the low contributions made by the local vegetation of 
grasses and forbs. 
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Figure 2 Concentration of aluminium , soluble sulphate and iron at 
various depths ( • - Mdloti; 0 - Sipingo I; A - Sipingo 2; 0 -
Beachwood). 
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Figure 3 Organic matter, CEC and Pat various depths (• - Mdloti; 
0 - Sipingo I; A - Sipingo 2; 0 - Beachwood) . 
CEC, exchangeable cations and phosphorus 
Mangrove soils in this study had high CEC (35,5 to 77,9 
me/100 g) compared to the non-mangrove soil (8 to 12,3 
me/100 g). For Sipingo soils the CEC was greatest at the 
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surface and decreased with depth (Figure 3). The 
Beachwood soil had high CEC in all layers. The high CEC 
is, to a large degree, associated with high clay and organic 
matter, the major contributors to CEC. The very low CEC 
of the Mdloti soil was due to the low levels of organic mat-
ter (Figure 3) and clay (Table 1) in the profile. The 
mangrove sites in this study supported mature, well-
established mangrove vegetation. There have been reports, 
however, of mangroves occupying sandy, low CEC soils 
(Clark & Hannon 1967). 
In all soils sodium was the major exchangeable cation, 
followed by calcium, magnesium and potassium (Figure 
4). The low exchangeable base content in the Mdloti soil 
is due to the low CEC. 
The levels of phosphorus (Figure 3) were higher in the 
Mdloti soil (0,75 to I ,5 p,g cm-3) than in the mangrove soils 
(0,23 to 0, 78 p.g cm-3). The heavy use of phosphate fer-
tilizers on sugar cane farms in the lower catchment area 
of the Mdloti River could account for the high phosphorus 
values. 
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Figure 4 Concentration of exchangeable bases at various depths ( • -
Mdloti; 0 - Sipingo I; A - Sipingo 2; 0 - Beachwood). 
Salinity 
The ESP (Figure 5) was higher for mangrove soils (51 ,6 
to 77,2f1/o) than for the non-mangrove soil (21,3 to 58,5f1/o). 
The ESP values illustrate the extent to which sodium oc-
cupies the exchange sites. Of the mangrove soils the 
Sipingo sites had lower ESP values (51,6 to 69,9f1/o) than 
the Beachwood site (72,5 to 77,2f1/o). 
Electrical conductivity, which is a measure of the total 
salt content of the soil, was high for mangrove soils rang-
ing from 5,8 X 10-4 to 13,4 X 10-4 S m- 1 (Figure 5). The 
Sipingo soils had lower EC values (5,9 X 10-4 to 9,2 X 
10-4 S m- 1) than the Beachwood soil (9,7 X 10-4 to 13,4 
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x 10-4 S m- 1). The lower EC and ESP values at Sipingo 
are probably due to the lower frequency of tidal inunda-
tion. In addition the Beachwood soil, being higher in clay 
and organic matter, has a higher potential sink for cations 
than the Sipingo soils . The Mdloti soil, which had a low 
potential sink for cations had the lowest EC values (0, I 
X 10-4 to 0,3 X 10-4 S m- 1). 
On the basis of EC and ESP the mangrove soils were 
classified as saline sodic and the Mdloti soil as non-saline 
sodic. 
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Figure 5 Exchangeable sodium percentage and electrical conductivity 
at various depths ( • - Mdloti; 0 - Sipingo I ; D. - Sipingo 2; D -
Beachwood). 
General 
Soils frequently inundated by tides are generally difficult 
to sample to great depths as a result of the high soil 
moisture levels. Pedological descriptions become even more 
difficult since holes dug in the marsh fill with water within 
minutes. These difficulties prevented pedological descrip-
tions and limited sampling depth to 1000 mm. No attempt 
was made to classify these soils according to the binomial 
system for South Africa (MacVicar eta/. 1977) since in-
tertidal or marsh soils were not considered in the 
classification. 
Differences in soil properties and in composition of 
sediments are determined by numerous factors which in-
clude mineralogy of the study area, climate, physiography, 
frequency of tidal inundation, soil drainage and vegeta-
tion. Within mangrove ecosystems vegetation has impor-
tant influences on soil properties. Mangroves, with their 
shallow, spreading rooting systems tend to stabilize and 
consolidate the substrate they colonize. Substrate stabiliza-
tion is followed by the gradual accretion of silt, clay and 
other particulate matter during tidal coverage. Accretion 
of fine sediments is accelerated especially if the rate of in-
undation is slow and if water remains in the marsh for pro-
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longed periods. If tidal inundation occurs regularly and 
the silt load is high, considerable quantities of fine-sized 
fractions are deposited in the marsh . Regular swamping 
of the substrate probably results in the illuviation of the 
silt and clay to lower layers of the profile. 
In the Mgeni estuary the river has a high silt load and 
the sample site is regularly inundated as a result of the low 
slope. This accounts for the high proportion of silt and 
clay in the Beachwood soil profile. The very high CEC 
recorded for Beachwood is a consequence not only of the 
high organic matter but also of the high silt and clay. The 
regular tidal influence accounts for this soil having the 
highest values for sodium, ESP and EC. 
The soils at Sipingo have undergone considerable biotic 
influences which are evident in the soil properties. The 
diversion and canalization of the Mlazi and the diversion 
of the Sipingo into the Mbokodweni had several impor-
tant effects on the ecology of the mangrove area. The 
reduced river volume resulted in the mouth being almost 
permanently closed by a sand bar with the consequent 
reduction in the tidal influence. The si lt load of the river 
has also dropped considerably. Disturbance and exploita-
tion of the adjacent dunes have led to the considerable ac-
cumulation of coarse-sized fragments in the mangrove area 
as a result of wind action. The artificially induced tidal 
regime is insufficient to allow regular inundation of the 
mangrove area. These conditions have accounted for lower 
si lt and clay contents at Sipingo. Reduced silt and clay have 
resulted in a lower CEC than the Beachwood area. The 
reduced tidal influence is further manifested in the lower 
levels of sodium, ESP and EC than the Beachwood soil. 
The lower salinity in the lagoon has led to the encroach-
ment of Hibiscus tiliaceus L. and Phragmites australis 
(Cav .) Trin. ex Steud. into the swamp. 
At Mdloti the substrate is predominantly sandy and con-
ditions are not conducive to the accretion of fine sediments. 
The Mdloti site, in addition, is not inundated as regularly 
as the Beachwood or Sipingo areas thus accounting for the 
lower ESP, EC and sodium values. Most of the soil pro-
perties in this area are directly or indirectly related to the 
predominantly sandy nature of the soil. 
Mangrove communities in South Africa have been 
adversely affected by man (Moll 1972). Effects of such in-
fluences at Sipingo have already been mentioned. In Dur-
ban Bay, harbour and industrial development have 
destroyed an extensive mangrove community. At Richards 
Bay the mangroves seem to have benefitted from harbour 
development as a result of the increased tidal range (Begg 
1978). At present the lower course of the Mgeni is in the 
process of being canalized. An immediate effect has been 
increased si ltation in the estuary. The long-term effects of 
canalization on the estuary are not known. Since 
mangroves occupy a delicate niche in our estuarine 
ecosystems it is desirable that long term environmental im-
pact assessment be conducted before any major urban or 
industrial development projects are undertaken. 
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